The present study compared the effects of diets formulated with reduced fishmeal 26 (FM) content and either 100% fish oil (FO) or 100% of a vegetable oil (VO) blend in 27 post-smolts of three family groups of Atlantic salmon. Two groups were selected as 28 being either "Lean" or "Fat" based on estimated breeding values (EBV) for flesh 29 adiposity of their parents derived from a breeding programme, while the third group 30 (CAL) was a mix of non-pedigreed commercial families unrelated to the two groups 31 above. The VO blend comprised rapeseed, palm and a new product, Camelina oil in 32 a ratio of 5/3/2, and diets were fed to duplicate pens of each salmon group. After an 33 ongrowing period of 55 weeks, to reach a mean weight of 3kg, the fish from all 34 treatments were switched to a decontaminated FO for a further 24 weeks to follow 35 restoration of long-chain n-3 polyunsaturated fatty acids (LC-PUFA) in the fish 36 previously fed VO. Final weights were significantly affected by family group and 37 there was also an interaction between diet and group with Fat and Lean FO fish being 38 larger than the same fish fed VO. Specific growth rate (SGR) was highest in CAL 39 fish (1.01), feed conversion ratio (FCR) was highest in the Lean fish but there were 40 no significant effects on thermal growth coefficient (TGC). Condition Factor (CF) 41 was lowest in CAL fish while the hepato-somatic index (HSI) was highest in Lean 42 fish and viscero-somatic index (VSI) highest in Fat fish. Flesh and viscera lipid 43 content was affected by both family group and diet with a significant interaction 44 between the two. Flesh lipid in fish fed FO was in the order Fat > CAL > Lean 45 although this order was Fat = Lean > CAL when fed VO. Flesh fatty acid 46 compositions were affected mainly by diet although some minor fatty acids were also 47 3 influenced by group. Fish fed VO had n-3 LC-PUFA reduced by ~65% compared to 48 fish fed FO but this could be restored by a 16 week FO finishing diet phase. The 49 differences observed in lipid and fatty acid deposition suggested that genetics 50 affected lipid deposition and metabolism and that breeding programmes could select 51 for fish that retained more n-3 LC-PUFA in their flesh, particularly when fed diets 52 low in these fatty acids. 53 54
The primary aim of this study was to grow Atlantic salmon smolts, for the whole 139 marine production phase, on diets with reduced FM diets and that contained either 140 100% of added oil as FO or a blend of VOs. Each of these two diets was fed to either 141 "Lean" or "Fat" salmon families as well as a commercial strain used in previous 142 studies on FO 
Experimental diets 179
The fish were fed one of two experimental diets, prepared by Skretting ARC 180 (Stavanger, Norway) in 3 different pellet sizes (3, 6 and 9 mm) for a period of 55 181 weeks until the fish reached a weight of ~3 kg. The diets were formulated to fully 182 satisfy the nutritional requirements of salmonid fish (NRC, 1993 weighing between 2.0 and 3.5 kg, were placed in a single pen and the fish that had 195 previously been fed the VO diet were marked by adipose fin clipping. Thus, the 196 original 12 pens were reduced to 3 and these pens were fed a finishing diet, having the 197 same basal formulation as the 9 mm ongrowing diet but coated with a decontaminated 198 FO (sand eel/sprat oil, 9:1v/v; Triple Nine Protein, Denmark), for a further 24 weeks. 199
The diet formulations and proximate compositions of the 6 and 9 mm ongrowing feeds 200 are shown in Table 1 . Fatty acid compositions of the 9 mm FO and VO diets and the 9 201 mm finishing diet are shown in Table 2 
Statistical analysis 264
The significance of differences (P < 0.05) were determined by one-way (Figure 1  265 data) or two-way ANOVA (all other data sets). The latter was used to determine the 266 effects of diet, fish group and their interactions on growth parameters and lipid 267 compositions. In data analysed by one-way ANOVA differences between means were 268 determined by Tukey's test. Data identified as non-homogeneous (Bartlett's test) were 269 subjected to log or arc sin transformation before applying ANOVA. Statistical 270 analyses were performed using a Graphpad Prism™ (version 4.0) statistical package 271 (Graphpad Software, San Diego, CA). 272 273
Results 274 13
At the end of the 55-week feeding trial, there were no differences observed for 275 final length or TGC but there was a significant effect of fish group on both SGR and 276 FCR (Table 3) and FCR values are within normal ranges for cage-cultured salmon. There was a 280 significant effect of group, and interaction between group and diet on the final fish 281 weights, with lowest weights in the CAL FO and VO fish and the Fat VO fish, while 282 the largest fish were the Lean and Fat FO fish. However, the lower final weight in 283 the CAL fish may be due to them being only 52g at the start of the trial compared to 284 the Lean and Fat groups which were ~87g (Table 3) . The values for CF, HSI, and 285 VSI were influenced by fish group. CF was highest in Fat fish and lowest in CAL 286 fish while HSI was highest in Lean fish compared with Fat and CAL fish and VSI 287 was highest in Fat fish compared to the Lean and CAL fish (Table 3) . 288
The flesh lipid content was significantly affected by fish group and there was also 289 a significant interaction between group and diet ( Table 4) (Table 4) . However, when the fish were fed 293 100% VO this order was changed to Fat = Lean > CAL. The pattern of visceral lipid 294 content was also significantly affected by group and there was a significant 295 interaction between group and diet ( Table 4 ). The highest level of visceral fat 296 deposition was seen in the Fat FO fish followed by the Fat VO and Lean FO and VO 297 14 fish with lowest fat in the CAL fish. Liver lipid content was significantly influenced 298 by both group and diet and there was a significant interaction between the factors 299 (Table 4) . Liver lipid content was highest in Fat VO fish (4.8%) and lowest in CAL 300 FO fish (3.2%). In both the Fat VO and CAL VO fish the lipid content was higher 301 than in the same fish fed FO although this was not the case for the Lean FO and VO 302 fish. Flesh protein content was also significantly affected by both diet and group 303 (Table 4 ). The highest flesh protein was seen in the Lean VO fish and the lowest in 304 the Fat FO fish. 305
All flesh fatty acids were significantly affected by diet with the exception of the 306 minor fatty acid 22:1n-9, and a number of fatty acids were also significantly affected 307 by fish group including 16:0, 18:0, 20:2n-6 and 18:4n-3, but only 20:2n-6 showed an 308 interaction between factors (Table 5 ). As would be expected, the flesh fatty acids 309 reflected the changes in dietary fatty acids. The main effects observed were a slight 310 reduction in total saturated fatty acids, from 23 to 18%, which was balanced by an 311 increase in monounsaturates from 44 to 50% in fish fed VO. In the n-6 fatty acids, 312
18:2n-6 was increased by ~2-fold as was 20:2n-6, 20:3n-6 and total n-6, in the fish 313 fed VO, while ARA was reduced by 50% (Table 5 ). In the n-3 PUFA, 18:3n-3 was 314 increased almost 3-fold while all other n-3 fatty acids were reduced in fish fed VO. 315
Flesh EPA and DHA were each reduced by 70% in the Lean fish and by 65% in the 316 CAL fish. 317
After 55 weeks, fish from all treatments were placed on a FO finishing diet and 318 flesh DHA + EPA (%) values were measured at 0, 16 and 24 weeks after switching 319 to this diet (Fig. 1) . After 16 weeks on the FO finishing diet, DHA + EPA values 320 were 25% lower in the CAL and Fat fish previously fed VO but only 11% lower in 321 the Lean VO fish, compared to fish fed FO throughout (Fig. 1) . After 24 weeks on 322 the FO finishing diet, DHA + EPA values were still 14% lower in the CAL and Fat 323 fish previously fed VO and 11% lower in the Lean fish fed VO, compared to fish fed 324 FO throughout. For each fish group and diet the flesh content of EPA + DHA was 325 calculated as g /140g flesh at 0, 16 and 24 weeks on the FO finishing diet (Fig. 2) . 326
The total EPA + DHA available to consumers, in each experimental group, was 327 probably due to lower water temperatures, and the FCRs being slightly better due to 366 the earlier trial being a tank trial where feed delivery and consumption can be more 367
closely monitored compared to cage culture. However, the VO diet used in the 368 present study had much lower levels of DHA and EPA (1.5 and 1.2% of total fatty 369 acids) compared to the diets used by Torstensen et al. (2008) that had only 70% FO 370 replacement, and percentages of DHA and EPA of 3.0 and 2.5, respectively. This 371 50% reduction in dietary n-3 LC-PUFA resulted in no apparent reduction in growth 372 compared to the salmon produced by Torstensen et al. (2008) . 373
The current study is the first to consider growth parameters and flesh fatty acids in 374 market-size Atlantic salmon from different genetic backgrounds and different 375 potentials for lipid accumulation and metabolism. Significant differences in fish final 376 weight were attributable to fish group and there was also an interaction between 377 group and diet. The largest fish were the Fat and Lean fish fed FO and this might be 378 due in part to these fish being larger than the CAL fish at the start of the trial. 379
However, while the Lean and Fat groups fed VO had lower growth than the same 380 fish fed FO this was not the case for the CAL fish suggesting that the CAL strain 381 may have performed more effectively with the high VO diet. Although no 382 comparable studies on different genetic groups have been reported in Atlantic 383 salmon, some studies have considered strain differences in coho salmon, rainbow 384 trout and other species. In a study where rainbow trout had been selected on carcass 385 adiposity using a non-invasive fat meter, as was also done in the present study, the 386 strains (Fat, control and Lean) were all different from each other, based on muscle 387 lipid content analysed by Soxhlet, in the order Fat > control > Lean (Quillet et al., 388 2005) . No details of diet were provided except that it was commercial diet containing 389 
